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(6), (9) and (24) indicated below. 
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CALCULATIONS PTO USE ONLY 


BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1000.00 

H International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $860.00 

□ International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 

but international search fee (37 CFR 1.445(a)(2)) paid to USPTO $710.00 

□ International preliminary examination fee (3 7 CFR 1 .482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $690.00 

□ International preliminary examination fee (3 7 CFR 1 .482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 




$860.00 




Surcharge of $130.00 for furnishing the oath or declaration later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 


$0.00 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 




Total claims 
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Independent claims 
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x $80.00 


$0.00 




Multiple Dependent Claims (check if applicable). 
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$0.00 
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$860.00 




□ Applicant claims small entity status. (See 37 CFR 1 .27). The fees indicated above are 
reduced by 1/2, 


$0.00 




SUBTOTAL = 


$860.00 




Processing fee of $130.00 for furnishing the English translation later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492 (f)). + 


$0.00 




TOTAL NATIONAL FEE = 


$860.00 




Fee for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be pi 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 


$0.00 




TOTAL FEES ENCLOSED = 


$860.00 
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charged 


$ 



a. 
b. 



A check in the amount of 



$860.00 



□ 
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□ 



Please charge my Deposit Account No. 



_to cover the above fees is enclosed, 
in the amount of 



to cover the above fees. 



A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF : 

KAZUAKI ISHIKOA : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN : 
(Based on PCT/JPOO/03661) 

FILED: HEREWITH 

FOR: METHOD AND APPARATUS : 
FOR SPREAD SPECTRUM 
RECEPTION : 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows: 

Please amend the specification as follows. 

Page 20, paragraph beginning at line 24 to page 21, line 20, delete in its entirety and 
insert therefor the following new paragraph: 

Fig. 2 is a block diagram for indicating a construction of the RAKE-combination 
timing path detector 8 in the spread spectrum reception apparatus shown in Fig. 1. In Fig. 2, 
reference numeral 1 1 denotes a matched filter, reference numeral 12 denotes an electric 
voltage cyclic integrator, reference numeral 13 denotes an electrical power converter, 
reference numeral 14 denotes a switch, reference numeral 15 denotes an adder, reference 
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numeral 16 denotes an electrical power cyclic integrator memory, reference numeral 17 
denotes an address generation unit, reference numeral 18 denotes a maximum value detector, 
reference numeral 19 denotes a deviation measurement unit, reference numeral 20 denotes a 
correction efficient ROM, and reference numeral 21 denotes a multiplier. The RAKE- 
combination path timing detector 8 shown in Fig. 2 operates, while switching between two 
operational modes of a delay profile producing mode for producing a delay profile by 
calculating a correlation value of data of I-channel and Q-channel and a predetermined 
reference spread code and a RAKE-combination path timing detection mode for selecting 
path signals proper for RAKE-combination of numbers corresponding to numbers of RAKE 
fingers. 

Page 31, paragraph beginning at line 2 through line 20, delete in its entirety and insert 
therefor the following new paragraph: 

The multiplier 21 multiplies the detected correlation value (211) output by the 
maximum value detector 18 and the correction coefficients corresponding to the address 
between 14 to 34 output by the correction coefficient ROM 20 and outputs the result to the 
adder 15 through the switch 14. The multiplication result is shown in the column "value 
obtained by multiplying correction coefficient by maximum correlation value". For example, 
in case of address 14 whose deviation is 10, correction coefficient -0.02 and the detected 
correlation value 21 1 are multiplied and the result -4.2 is output to the adder 15. In a same 
manner, for addresses from 15 to 34, correction coefficient and the detected correlation value 
are multiplied and result is output to the adder 15. The adder 15 adds the values output from 
the multiplier 21 and the correlation electric power value of corresponding address to correct 
a correlation electric power value of a delay profile. The correction result is shown in the 
column of "correction electric power value when the second path is detected". 
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Page 33, paragraph beginning at line 18 through page 34, line 10, delete in its entirety 
and insert therefor the following new paragraph: 

The third path detection is performed with the delay profile shown in Fig. 8. Namely, 
the maximum value detector 18 reads a delay profile when the third path is detected from the 
electric power cyclic integral memory 16 and selects a sampling point whose correlation 
electric power value is the greatest one (80.2, address 20) to output a delay time of the 
sampling point as a delay control signal to the RAKE-combination modulator 9. Because a 
number of sampling paths to be detected is three, it is not necessary to correct a delay profile 
and a no signal is output to the deviation measurement unit 1 9 and the multiplier 21 . As 
above-explained, the RAKE-combination path timing detector 8 outputs a delay time of 
sampling point of address 29 selected as the first path, a delay time of sampling point of 
address 20 selected as the second path and a delay time of sampling point of address 20 
selected as the third path, as a delay control signal. Thereby, a path signal to be inverse- 
spread by the RAKE-combination modulator 9 will be specified. 

Page 34, paragraph beginning at line 1 1 through line 23, delete in its entirety and 
insert therefor the following new paragraph: 

The RAKE-combination modulator 9 will be explained in more detail Fig. 9 is a 
block diagram showing the construction of the RAKE-combination modulator 9. In Fig. 9, 
reference numeral 22 denotes a PN generator, reference numeral 23 denotes a delay circuit, 
reference numerals 24, 25, and 26 denote RAKE-fingers, reference numeral 27 denotes a 
combiner, and reference numeral 28 denotes a modulation unit. The RAKE-combination 
modulator 9 shown in Fig. 9 inverse-spreads I-channel and Q-channel digital data input from 
the A-D converters 7A and 7B according to a delay time of each path output from the RAKE- 



combination path timing detector 8. The signals of path having been inverse-spread are 
respectively combined and information-modulated. 

Page 48, paragraph beginning at line 17 through page 49, line 12, delete in its entirety 
and insert therefor the following new paragraph: 

The threshold value discriminator 33 compares the correlation electric power value 
input from the electric power cyclic integral memory 32 with a predetermined threshold value 
and outputs a correlation electric power value of the sampling point whose correlation value 
is greater than a threshold value. The correlation value memory 35 stores the correlation 
electric power value of the sampling point being greater than a threshold value. The first 
address generation unit 36 and the second address generation unit generate an address for 
identifying a sampling point. The first address generation unit 36 outputs an address to the 
electric power cyclic integral memory 32 and the timing memory 38. The second address 
generation unit 37 outputs an address to the correlation value memory 35 and the timing 
memory 38. The timing memory 38 stores the delay time of the sampling point whose 
correlation electric power value is greater than the threshold value. Thus, a delay profile will 
be produced and a correlation electric power value and a delay time of sampling point whose 
correlation electric power value is greater than a threshold value will be specified.— 

Page 49, paragraph beginning at line 13, through page 50, line 10, delete in its entirety 
and insert therefor the following new paragraph: 

After above process, the RAKE-combination path timing detector 82 performs path- 
timing-detection for selecting a path proper for RAKE-combination. In a path-timing- 
detection-mode, the switch 34 establishes a signal path between the third adder 45 and the 
correlation value memory 35 . The maximum value detector 39 reads a delay profile from the 
correlation value memory 35 and compares the correlation electric power values of each of 



sampling points to detect a sampling point whose correlation electric power value is 
maximum and the corresponding correlation electric power value. Further, the maximum 
value detector 39 outputs a delay time whose correlation electric power value becomes 
maximum as a delay control signal to the delay circuit 23. Through above process, the first 
path signal for RAKE-combination will be specified. Further, the maximum value detector 
39 outputs a correlation electric power value of detected sampling point as a detected 
correlation value to the second adder 40. The second adder 40 subtracts an average 
(interference electric power and noise electric power) calculated from the correlation electric 
power value of delay profile calculated by the average calculator 41 from the detected 
correlation value and output the result to the multiplier 44. 

Page 51, paragraph beginning at line 4 through line 17, delete in its entirety and insert 
therefor the following new paragraph: 

The third adder 45 adds the correlation electric power value of the sampling point in 
delay profile output from the correlation value memory 35 to the value input from the 
multiplier 44 and thereby corrects the correlation electric power value of the sampling points 
whose deviation is below 10. The corrected correlation electric power value is written into 
the correlation value memory 35 via the switch 34. Thus, the delay profile used for the first 
path detection is corrected and a delay profile will be produced for using the second path 
detection. Both, the second and third paths will be detected in the same manner and delay 
times of sampling points detected as the second or third path will be output as a delay control 
signal to a delay circuit 23 of the RAKE-combination modulator 9. 
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IN THE DRAWINGS 
Please replace original Figures 1, 9, 10, 1 1, 14, and 17 with the attached Substitute 
Figures as noted on the attached letter to the draftsman* 

REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present Preliminary Amendment is submitted to correct for minor informalities in 
the specification. The changes made to the specification are deemed to be self-evident from 

/K the original disclosure, and thus are not deemed to raise any issues of new matter. 

fp Further, by the present Preliminary Amendment, substitute Figures 1, 9, 10, 1 1, 14 

and 17 are provided. Substitute Figures 1 and 9 correct for the spelling of the term "path" in 
element 8. Substitute Figures 10, 11, 14, and 17 label the steps. 
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The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 
Registration No. 34,423 
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Marked -Up Copy 

Serial No: 

Amendment Filed on; 

IN THE SPECIFICATION 
Please amend the specification as follows. 

Page 20, paragraph beginning at line 24 to page 21, line 20, delete in its entirety and 
insert therefor the following new paragraph: 

—Fig. 2 is a block diagram for indicating a construction of the RAKE-combination 
timing path detector 8 in the spread spectrum reception apparatus shown in Fig. 1 . In Fig. 2, 
reference numeral 1 1 denotes a matched filter, reference numeral 12 denotes an electric 
voltage cyclic integrator, reference numeral 13 denotes an electrical power converter, 
reference numeral 14 denotes a switch, reference numeral 15 denotes an adder, reference 
numeral 16 denotes an electrical power cyclic integrator memory, reference numeral 17 
denotes an address generation unit, reference numeral 18 denotes a maximum value detector, 
reference numeral 19 denotes a deviation measurement unit, reference numeral 20 denotes a 
correction efficient ROM, and reference numeral 21denotesa multiplier. The RAKE- 
combination path timing detector 8 shown in Fig. 2 operates, while switching between two 
operational modes of a delay profile producing mode for producing a delay profile by 
calculating a correlation value of data of I-channel and Q-channel and a predetermined 
reference spread code and a RAKE-combination path timing detection mode for selecting 
path signals proper for RAKE-combination of numbers corresponding to numbers of RAKE 
fingers.— 



Page 31, paragraph beginning at line 2 through line 20, delete in its entirety and insert 
therefor the following new paragraph: 

—The multiplier 21 multiplies the detected correlation value (211) output by the 
maximum value detector 18 and the correction coefficients corresponding to the address 
between 14 to 34 output by the correction coefficient ROM 20 and outputs the result to the 
adder 15 through the switch 14, The multiplication result is shown in the column "value 
obtained by multiplying correction coefficient by [detected] maximum correlation value". 
For example, in case of address 14 whose deviation is 10, correction coefficient -0.02 and the 
detected correlation value 21 1 are multiplied and the result -4.2 is output to the adder 15. In a 
same manner, for addresses from 15 to 34, correction coefficient and the detected correlation 
value are multiplied and result is output to the adder 15. The adder 15 adds the values output 
from the multiplier 21 and the correlation electric power value of corresponding address to 
correct a correlation electric power value of a delay profile. The correction result is shown in 
the column of "correction electric power value when the second path is detected". — 

Page 33, paragraph beginning at line 18 through page 34, line 10, delete in its entirety 
and insert therefor the following new paragraph: 

-The third path detection is performed with the delay profile shown in Fig. 8. 
Namely, the maximum value detector 18 reads a delay profile when the third path is detected 
from the electric power cyclic integral memory 16 and selects a sampling point whose 
correlation electric power value is the greatest one (80.2, address 20) to output a delay time of 
the sampling point as a delay control signal to the RAKE-combination modulator 9. Because 
a number of sampling paths to be detected is three, it is not necessary to correct a delay 
profile and a no signal is output to the deviation measurement unit 19 and the multiplier 21 . 
As above-explained, the RAKE-combination path timing detector 8 outputs a delay time of 



sampling point of address 29 selected as the first path, a delay time of sampling point of 
address 20 selected as the second path and a delay time of sampling point of address 20 
selected as the third path, as a delay control signal Thereby, a path signal to be inverse- 
spread by the RAKE-combination modulator 9 will be specified.— 

Page 34, paragraph beginning at line 1 1 through line 23, delete in its entirety and 
insert therefor the following new paragraph: 

—The RAKE-combination modulator 9 will be explained in more detail Fig. 9 is a 
block diagram showing the construction of the RAKE-combination modulator 9. In Fig. 9, 
reference numeral 22 denotes a PN generator, reference numeral 23 denotes a delay circuit, 
reference numerals 24, 25, and 26 denote RAKE-fingers, reference numeral 27 denotes a 
combiner, and reference numeral 28 denotes a modulation unit. The RAKE-combination 
modulator 9 shown in Fig. [2] 9 inverse-spreads I-channel and Q-channel digital data input 
from the A-D converters 7A and 7B according to a delay time of each path output from the 
RAKE-combination path timing detector 8. The signals of path having been inverse-spread 
are respectively combined and information-modulated.— 

Page 48, paragraph beginning at line 17 through page 49, line 12, delete in its entirety 
and insert therefor the following new paragraph: 

—The threshold value discriminator 33 compares the correlation electric power value 
input from the electric power cyclic integral memory 32 with a predetermined threshold value 
and outputs a correlation electric power value of the sampling point whose correlation value 
is greater than a threshold value. The correlation value memory [34] 35 stores the correlation 
electric power value of the sampling point being greater than a threshold value. The first 
address generation unit 36 and the second address generation unit generate an address for 
identifying a sampling point. The first address generation unit 36 outputs an address to the 

-10- 



electric power cyclic integral memory 32 and the timing memory 38. The second address 
generation unit 37 outputs an address to the correlation value memory 35 and the timing 
memory 38 . The timing memory 38 stores the delay time of the sampling point whose 
correlation electric power value is greater than the threshold value. Thus, a delay profile will 
be produced and a correlation electric power value and a delay time of sampling point whose 
correlation electric power value is greater than a threshold value will be specified. 

Page 49, paragraph beginning at line 13, through page 50, line 10, delete in its entirety 
and insert therefor the following new paragraph: 

-After above process, the RAKE-combination path timing detector 82 performs path- 
timing-detection for selecting a path proper for RAKE-combination. In a path-timing- 
detection-mode, the switch 34 establishes a signal path between the third adder 45 and the 
correlation value memory 35 . The maximum value detector 39 reads a delay profile from the 
correlation value memory 35 and compares the correlation electric power values of each of 
sampling points to detect a sampling point whose correlation electric power value is 
maximum and the corresponding correlation electric power value. Further, the maximum 
value detector 39 outputs a delay time whose correlation electric power value becomes 
maximum as a delay control signal to the delay circuit [22] 23. Through above process, the 
first path signal for RAKE-combination will be specified. Further, the maximum value 
detector 39 outputs a correlation electric power value of detected sampling point as a detected 
correlation value to the second adder 40. The second adder 40 subtracts an average 
(interference electric power and noise electric power) calculated from the correlation electric 
power value of delay profile calculated by the average calculator 41 from the detected 
correlation value and output the result to the multiplier 44.- 



Page 51, paragraph beginning at line 4 through line 17, delete in its entirety and insert 
therefor the following new paragraph: 

—The third adder 45 adds the correlation electric power value of the sampling point in 
delay profile output from the correlation value memory 35 to the value input from the 
multiplier 44 and thereby corrects the correlation electric power value of the sampling points 
whose deviation is below 10. The corrected correlation electric power value is written into 
the correlation value memory 35 via the switch 34. Thus, the delay profile used for the first 
path detection is corrected and a delay profile will be produced for using the second path 
detection. Both, the second and third paths will be detected in the same manner and delay 
^ times of sampling points detected as the second or third path will be output as a delay control 

rS signal to a delay circuit [22] 23 of the RAKE-combination modulator 9.— 

* IN THE DRAWINGS 

if Please replace original Figures 1, 9, 10, 11, 14, and 17 with the attached Substitute 

Figures as noted on the attached letter to the draftsman. 
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DOCKET NO: 210099US2 PCT 

IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF : : 
KAZUAKI ISHIKOA 



SERIAL NO: NEW U.S. PCT APPLN 
(Based on PCT/JPOO/03661) 

FILED: HEREWITH 

FOR: METHOD AND APPARATUS FOR 
SPREAD SPECTRUM RECEPTION 



GROUP ART UNIT: 



EXAMINER: 



LETTER REQUESTING APPROVAL OF 
SUBSTITUTION OF NEW DRAWINGS 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, DC 20231 

SIR: 

It is respectfully submitted that original Figures 1, 9, 10, 11, 13, 14, and 17 be deleted 
in their entirely and new Figures 1, 9, 10, 11, 13, 14, and 17 (attached hereto) be substituted 
therefor. 
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Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 
Registration No. 34,423 
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SPECIFICATION 

TITLE OF THE INVENTION 

Method of and apparatus for spread spectrum reception 

TECHNICAL FIELD 

The present invention relates to a spread spectrum 
reception apparatus. More particularly, this invention 
relates to detection of RAKE-combination signal for 
detecting a signal proper for the RAKE-combination . 

BACKGROUND ART 

When transmitting an information signal, a spread 
spectrum reception apparatus which performs communication 
using DS-CDMA (Direct Sequence CDMA) system operates as 
follows. That is, it applies a first modulation such as 
QPSK to the information signal and thereafter 
spread-modulates the information signal with a spread code 
such as PN sequence to transmit it. When receiving such 
a spread spectrum signal, the spread spectrum reception 
apparatus at a reception side as follows. That is, it 
calculates a correlation value between a received spread 
spectrum signal and a predetermined spread code to detect 
a synchronization phase of spread code. Thereafter, it 
produces an inverse-spread of the received spread spectrum 



signal using the inverse-spread signal. Such inverse 
spread signal is then information-modulated to obtain the 
information signal . 

During mobile communication, a portion of a 
transmission signal is reflected, diffracted, and scattered 
by topography or construction such as buildings to reach 
a reception side via different routes and at different times . 
For example, a reflected wave, which is the one that is 
reflected by construction, reaches the reception side later 
than a direct transmission wave, which is the one that 
directly reaching from the transmission side to the reception 
side. , The reason behind this is that, the route of the 
reflection wave is longer than that of the direct wave . Time 
difference between when the direct wave reaches the reception 
side and when the delay wave, that is the reflection wave 
that has been delayed, will be substantially about a few 
10 microseconds. The route of the signal traveling from 
a transmission side to a reception side is referred as "path" . 
Transmission environment wherein a transmission signal 
travels via a plurality of paths is referred as "multipath" . 
Under multipath environment, a reception side is destined 
to receive a multiplex wave. In a multiplex wave, signals 
of a plurality of paths of which delay times are different 
are overlapped because a plurality of same spread spectrum 
signals respectively reach at different times. In mobile 
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communication, there is a motion on the transmission side 
or the reception side. Therefore, during mobile 
communication, fading, which is an alternation in 
amplification of multiplex wave , occurs . The fading occurs 
5 because a way in which the phrases are combined always changes 
due to the motion of the transmission side or the reception 
side. 

A RAKE-receiver is the one which RAKE-combines 
^ (maximum-ratio-combines) a signal output from a plurality 

;|l 10 of RAKE-f rngers for separating five predetermined path 

fy 

On signals by inverse-spreading a received multiplex wave with 

HI a combiner to perform a weight application corresponding 

^ to a reception signal level. Signal-electric-power-ratio 

against thermal noise and interference of a received 
15 multipath signal is improved by performing RAKE reception, 
so that diversity reception is realized. However, it is 
necessary to select a plurality of path signals proper for 
RAKE-combination in order to inverse-spread each path signal 
from a multiplex wave to perform RAKE-combination . 
20 The selection of path signals proper for 

RAKE-combination is performed with a delay profile 
indicating a correlation value calculated with a reception 
spread spectrum signal and a predetermined reference spread 
code and a delay time therein by each sample point. It is 
25 considered that an information signal is included in a signal 



whose correlation electric power value is greater among 
sampling points of the delay profile. Therefore, it will 
be better to select a signal of the sampling points at which 
the correlation electric power value is greater as a signal 
of the path proper for RAKE-combination . For example, in 
a case of a spread spectrum receiver provided with three 
sets of RAKE-fingers for inverse-spreading, there will be 
three RAKE- comb inable paths . In this case , as shown in Fig . 
18, a method for selecting a signal of path of detecting 
three sampling points in order having highest correlation 
value may be adopted. 

If there is no time-correlation in thermal noise and 
interference among the sampling points shown in Fig. 18, 
then a sampling point is detected in order by a point whose 
correlation value is greater and thereafter inverse-spread 
signals are RAKE-combined respectively corresponding to a 
delay time of the detected sampling points. Thus, signal 
electric power Sc standardized with interference and thermal 
noise after RAKE-combination becomes maximum and may be 
represented by following equation. Si is directed to a 
correlation electric power value in the i-th order detection 
path timing. 

3 

Sc=][Si 
i-1 

However, there exists a time correlation in thermal 
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noise and interference among real sampling points. 
Therefore, if signals ofpath detected in order from a greater 
correlation value are merely combined, a signal electric 
power Sc will be reduced. The amplitude of signal electric 
power Sc is concretely represented by following equation. 
Herein, s= { si , s2 , s3 ) T and si is directed to a correlation 
value corresponding to timing i. 

s T Rs 

R= | p 2.1 p 2.2 p 2.3 
p3,1 p 3/2 p 3.3 

10 pij is directed to time correlation coefficient of 

noise and interference between timings i and j . Namely, 
the narrower, a distance between sampling points to be 
detected is, in other word, when arrival times are 
extraordinarily close (when delay times are mutually closed 

15 in a delay prof ile ) , the greater, time correlation in thermal 
noise and interference among these signals is . There exists 
a method for detecting a sampling point in order from the 
sampling point whose cor relation value is greater by sampling 
points whose delay time is sufficiently spaced with respect 

20 to a detected sampling point as shown in Fig. 19 in order 
to eliminate affection owing to time correlation of thermal 
noise and interference among the sampling points and make 



a signal electric power standardized with interference and 
thermal noise. 

Further, in Japanese Patent Laid-open Application No . 
10-336072, a first path is detected by selecting a sampling 
point whose correlation value is greatest in a delay profile 
shown in Fig . 20 (refer to Fig . 2 0(a)) . Thereafter, sampling 
points positioned within ±k numbers of sampling points (k 
is a natural number) are eliminated from an object to be 
selected with respect to sampling points having been already 
detected and a second path is detected (refer to Fig. 20 (b) ) . 
Next, a third path is detected by selecting a sampling point 
whose correlation value is greatest from among sampling 

points positioned except for within ±k numbers of sampling 
points with respect to a sampling point of a second path 
(refer to Fig. 20(c)). As above-explained, there exists 
a method for selecting a path proper for RAKE-combination 
by setting a distance between samples to be selected as a 
distance corresponding to k or greater numbers of samples. 

Furthermore, in Japanese Patent Laid-open Application 
No. 10-308688, a delay profile is produced by performing 
cyclic integration after electric power conversion in order 
to perform average calculation by excluding affection of 
fading alternation and a carrier frequency deviation at the 
time of transmission and reception. Then, a theoretical 
value of result of inverse-spread of a reference code and 



an ideal reception signal and a portion where maximum 
amplification portion of a correlation value is eliminated 
by a pseudo correlation elimination portion is called from 
a delay profile to have the delay profile impulse-shaped 
whereby a path for RAKE-combination is detected. 
Additionally, a theoretical value of result of 
inverse-spread of a reference code and an ideal reception 
signal with a matrix calculation of a reception signal 
whereby a path for RAKE-combination is detected. 

As above-explained, the reception side is destined 
to receive a multiplex wave wherein signals whose delay times 
are different have been overlapped under a multipath 
environment, because transmitted spread spectrum signals 
reach via a plurality of paths and at different times. 
Therefore, in order to eliminate affection of multi-fading, 
numbers of signals corresponding to numbers of RAKE fingers 
are selected by a delay profile produced by calculating a 
correlation value between a predetermined reference spread 
code and a reception multiplex signal to separate a path 
signal by inverse-spreading a multiplex wave in accordance 
with a delay time of a selected path signal to RAKE-combine 
the separated path signals whereby a ratio of a signal 
electric power to interference and thermal noise must be 
improved. As a result, it is important how a path signal 
proper for RAKE-combination should be selected in order to 



optimize effect of improvement of the ratio relating to the 
signal electric power with RAKE-combination. 

For example, there exists little effect of improvement 
of the ratio relating to the signal electric power with 
RAKE-combination when time correlation of thermal noise and 
interference between selected paths is too great . As above, 
effect of improvement of the ratio relating to the signal 
electric power with RAKE-combination is largely dependent 
on correlation of thermal noise and interference of each 
of path signals. Because numbers of RAKE-fingers forming 
a RAKE-combination modulator are limited, a path signal whose 
time correlation of thermal noise and interference are great 
is not RAKE-combined, rather, a path signal whose time 
correlation of thermal noise and interference are great is 
RAKE-combined, so that the effect of RAKE-combination by 
the latter becomes larger than an effect when path signals 
are merely combined in order from a signal having greater 
correlation value . 

According to the technology disclosed in Japanese 
Patent Laid-open Application No . 10-336072, sampling points 
positioned within ±k numbers of sampling points are 
eliminated from an object to be selected for a second path 
with respect to sampling points detected as a first path, 
so that there lies a problem that even if a sampling point 
is one capable of improving characteristic with 



RAKE-combination, the sampling point may not be detected 
as a second path. There lies a possibility that 
characteristic is deteriorated by RAKE-combination, 
because a sampling point positioned except for within ± 
k numbers of sampling points with respect to sampling points 
detected as a first path, as a second path if a correlation 
value is greater in spite of time correlation of thermal 
noise and interference. Namely, there lies a possibility 
that signal characteristic is further deteriorated if 
inverse-spread signals are RAKE-combined corresponding to 
a delay time of signal of each of detected paths, because 
the paths are not detected, considering over time correlation 
of thermal noise and interference. 

According to the technology disclosed in Japanese 
Patent Laid-open No. 10-308688, a delay prof ile is produced 
by performing cyclic integration after electric power 
conversion. However, affection owing to electrical power 
conversion is not considered for this delay profile, so that 
any optimum path may not be detected for RAKE-combination. 
According to the conventional invention disclosed in 
Japanese Patent Laid-open Application No . 10-308688, adelay 
profile is made to be impulse-shaped and thereafter a path 
to be RAKE-combined is detected. However, even a path such 
as may improve characteristic by RAKE-combination is 
destined to be cut off. Further, in a case of even a path 
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such as being deteriorated regarding as characteristic, if 
an electric power is greater, then the path is destined to 
be detected. Furthermore, a cyclic addition is performed 
at a voltage level and a delay profile is corrected at a 
5 voltage level . However, the correction may not be per formed 
because a ratio of a signal to interference of the delay 
profile is too poor. 

When a spread code whose period is longer than a symbol 
period is used, or when length of already-known transmission 

10 symbol sequence is longer, amount of calculation for 
obtaining a theoretical value of inverse-spread result of 
reference code and a reception signal becomes vast. This 
will result in a larger circuit which consumes higher 
electrical power , because, such a vast number of calculations 

15 are performed by each time of detection of RAKE-combination 
path timing. For example., if a cell radius exceeds over 
about 10km and a chip-rate exceeds over about 4 MHz, then 
it must be considered that the delay spread is represented 
by about 256 chips. Further, if the operation is performed 

20 with 4-times-oversample , then a 1024 x 1024 matrix must be 
inversed. This is not realistic, because calculation is 
too vast to detect a signal of path proper for 
RAKE-combination, following an environment of propagation 
of mobile station moving with high-speed. Optionally, 

25 there is no guarantee that such an inverse-matrix always 
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exists. As a result, there is possibility that the 
inverse-matrix may not exist, so that a RAKE-combination 
timing may not be detected. 

According to the technology disclosed in Japanese 
5 Patent Application No. 10-308688, a pseudo correlation 
elimination portion for correcting a delay profile is 
arranged independently of a synchronization detection 
portion for detecting a path for RAKE-combination. As a 
result, hardware become large scaled and it consumes higher 

10 electric power. 

The present invention is devised in order to overcome 
the above-explained problems. It is an object of this 
invention to select a path signal proper for RAKE-combination, 
considering over a time correlation of thermal noise and 

15 interference to RAKE-combine the selected path signals 
whereby a spread spectrum reception apparatus for improving 
aratioofa signal electric power to interference and thermal 
noise is provided. 

20 DISCLOSURE OF THE INVENTION 

The spread spectrum reception apparatus according to 
the present invention is provided with a 
RAKE-combination-unit and a RAKE-combination signal 
detection unit. The RAKE-combination-unit includes a 

25 plurality of inverse-spread units each of which 
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inverse-spreads a spread spectrum being signal 
spread-modulated and transmitted, using an inverse- spread 
code being delayed for a predetermined time whereby the 
predetermined delay time signal is separated from the spread 
5 spectrum signal; a combining unit which RAKE-combines the 
signal inverse-spread by the inverse-spread units; and a 
delay unit which delays the inverse-spread codes supplied 
to the inverse-spreading units based on a delay control 
^ signal input from outside. The RAKE-combination signal 

10 detection unit includes a delay prof ile generation unit which 

HI 

generates a delay profile with a correlation electric power 

■ w ? 

m value obtained by converting a correlation value of the 

« spread spectrum signal and a reference spread code into an 

C* electric power and the delay time; a correction coefficient 

01 15 storing unit which stores already calculated correction 

H coefficient based on time correlation between interference 

and thermal noise by each deviation of the delay time; a 
delay profile correction unit which measures a deviation 
between a delay time of signal whose correlation electric 
20 power value is maximum and a delay time of signal in the 
delay profile and corrects a correlation electric power value 
in the delay profile using a multiply value obtained by 
multiplying a correction coefficient read from the 
correction coefficient storing unit corresponding to the 
25 measured deviation by a maximum electric power value in the 
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delay profile; and a signal detection unit which detects 
a signal whose correlation electric power value becomes 
maximum in the delay profile produced by the delay profile 
producing unit to output a delay time of the detected signal 
as a first delay control signal and a delay time of signal 
whose correlation electric power value becomes maximum in 
the corrected delay profile corrected by the delay profile 
correction unit as a second delay control signal to the delay 
unit . 

Further, in the spread spectrum reception apparatus 
according to the present invention, the delay profile 
correction unit is provided with an average calculating unit 
which calculates an average of the correlation electric power 
value of the delay profile, and the delay profile correction 
unit multiplies a value obtained by subtracting the average 
calculated by the average calculating unit from a maximum 
correlation electric power value in the delay profile by 
a correction coefficient. 

Further, in the spread spectrum reception apparatus 
according to the present invention, the delay profile 
producing unit is provided with a threshold value 
discriminating unit which compares the correlation electric 
power value with a predetermined threshold value and decides 
whether the correlation electric power value is equal to 
more than the threshold value, and the delay profile 
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producing unit produces a delay profile based on a 
correlation electric power value that is greater than the 
threshold value. 

Further, in the spread spectrum reception apparatus 
5 according to the present invention/ the delay profile 
producing unit is provided with a correlation electric power 
value storing unit which stores the correlation electric 
power value of a signal for which the threshold value 
discriminating unit decides that the correlation power value 

10 is greater than the threshold value; and a delay time storing 
unit which stores a delay time of the signal whose correlation 
electric power value is greater than the threshold value. 

The spread spectrum reception method according to the 
present invention is a method of detecting a plurality of 

15 signals whose correlation value is greater based on a delay 
profile produced with a correlation value of a reception 
spread spectrum signal and a reference spread code to use 
an inverse-spread code delayed corresponding to a delay time 
the detected signal to RAKE -combine signals separated from 

20 the reception spectrum spread signal . This method includes 
the steps of producing a delay profile based on a correlation 
electric power value obtained by converting the correlation 
value to electric power; detecting a delay time of a signal 
whose correlation electric power value is maximum of the 

25 delay profile produced in the delay profile producing step; 



15 



measuring a deviation between the delay time detected in 
the first RAKE-combination signal detection step and the 
delay time of any other signal in the delay profile; 
correcting the delay profile using a correction coefficient 
corresponding to the calculated deviation, which correction 
coefficient is obtained from already stored plurality of 
correction coefficients calculated from time correlation 
between interference and noise due to temperature, and the 
correlation electric power value of a signal detected in 
the first RAKE-combination signal detection step; and 
detecting a delay time of signal whose correlation electric 
power value becomes maximum based on the corrected delay 
profile in the delay profile correction step. 

Further, in the spread spectrum reception method 
according to the present invention, at the delay profile 
correction step an average of correlation electric power 
values of the delay profile is calculated and the correlation 
electric power value of the delay profile is corrected using 
the calculated average. 

Further, in the spread spectrum reception method 
according to the present invention, at the delay profile 
producing step, the correlation electric power value is 
compared with a predetermined threshold value and a delay 
profile is produced based on a signal whose correlation 
electric power value is greater than the threshold value. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a construction of 
a spread spectrum reception apparatus according to the 
present invention. Fig. 2 is a block diagram showing a 
construction of a RAKE-combination path timing detector 
provided in a spread spectrum reception apparatus according 
to a first embodiment of the present invention. Fig. 3 shows 
the result of calculation of correlation value . Fig . 4 shows 
the result of cyclic integration of electric voltage. Fig. 
5 shows the produced delay profile (Doppler spread prof ile ) . 
Fig. 6 explains about a delay profile for using a first path 
detection and the first path detection. Fig. 7 explains 
about a delay profile for using a second path detection and 
the second path detection. Fig. 8 is explains about a delay 
profile for using a third path detection and the third path 
detection. Fig. 9 is a block diagram showing a construction 
of a RAKE-combination modulator. Fig. 10 is a flow chart 
of a method of detecting RAKE-combination signal in a spread 
spectrumreceptionmethod according to the present invention 
Fig. 11 is a flow chart for explaining about a content of 
a delay profile correction step. Fig. 12 is a block diagram 
showing a construction of a RAKE-combination path timing 
detector provided in a spread spectrum reception apparatus 
according to a second embodiment of the present invention. 
Fig. 13 shows a delay profile wherein a noise electric power 



and an interference electric power are added. Fig. 14 is 
a flow chart for explaining about a content of a delay profile 
correction step. Fig. 15 is a block diagram showing a 
construction of a RAKE-combination path timing detector 
provided in a spread spectrum reception apparatus according 
to a third embodiment of the present invention. Fig. 16 
is one showing an example of continuous measurement of delay 
profile. Fig. 17 is a flow chart for explaining about a 
step for producing a delay profile. Fig. 18 explains 
conventional examples of path detection. Fig. 19 explains 
conventional examples of path detection. Fig. 20 explains 
conventional examples of path detection. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be explained in detail below 
while referring to the accompanying drawings. 

Fig. 1 is a block diagram showing a construction of 
a spread spectrum reception apparatus according to the 
presen t invention. Fig. 2 is a block diagram showing a 
construction of a RAKE-combination path timing detector. 
In Fig. 1, reference numeral 1 denotes an antenna, reference 
numeral 2 denotes an RF amplifier, reference numerals 3A 
and 3B denote mixers, reference numeral 4 denotes a local 
oscillator, reference numeral 5 denotes a 90-degrees-phase 
shifter, reference numerals 6 A and 6B denote low pass filters , 
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reference numerals 7 A and 7B denote A-D converters , reference 
numeral 8 denotes the RAKE-combination path timing detector, 
reference numeral 9 denotes a RAKE-combination modulator, 
and reference numeral 10 denotes a digital processing 
5 circuit. 

The construction and the operation thereof will be 
explained hereinafter. The local oscillator 4 supplies a 
local oscillation having a frequency substantially equal 
_ to a frequency of a desired signal to the mixers 3A and 3B. 

10 The 90-degrees-phase shifter 5 is arranged between the mixer 
3B and the local oscillator 4 . The 90-degrees-phase shifter 
m 5 90-degrees-phase-shif ts a local oscillation signal output 

^ from the local oscillator 4 to output the shifted local 

yg oscillation signal to the mixer 3B . In addition to the local 

O 

ffi 15 oscillation signal, a multiplex signal received through the 

M 

M antenna 1 and amplified by the RF amplifier 2 and divided 

into two channels is input into the mixers 3A and 3B. The 
mixers 3A and 3B, the local oscillator 4, and 90-degree-phase 
shifter 5 thus quadrature-detect a received spread spectrum 
20 signal to output I-channel and Q-channel base band signals. 

I-channel base band signal is input from the mixer 
3A to the low pass filter 6A. Q-channel base band signal 
is input from the mixer 3B to the low pass filter 6B. The 
low path filter 6A filters the I-channel base band signal, 
25 and the low path filter 6B filters the Q-channel base band 
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signal to pick up a desired signal . These filtered I -channel 
and Q-channel base band signals are respectively output to 
A-D converters 7A and 7B, where the analog signal is converted 
to digital signal. 
5 The A-D converters 7A and 7B respectively sample the 

analog I-channel and Q-channel base band signals to obtain 
digital signals. The I-channel and Q-channel digital 
signal are output to the RAKE-combination path timing 
detector 8 and the RAKE-combination modulator 9. 
/S 10 The operation performed by the RAKE-combination path 

m timing detector 8 and the RAKE-combination modulator 9 will 

pi be explained hereinafter. Under a multipath environment, 

? " as already-explained, the transmitted spread spectrum 

y3 signals reach via a plurality of paths and at different times , 

CP 15 so that a reception side receives a multiplex wave wherein 

N 5 signals whose delay times are different are overlapped. 

Therefore, following procedure is required to be performed 
in order to eliminate affection of multipath fading. By 
a delay profile produced by calculating a correlation value 
20 of a predetermined reference spread code and digital signals 
of I-channel and Q-channel which are multiplex signals 
wherein a plurality of path signals are included at this 
stage, path signals proper for RAKE-combination of numbers 
corresponding to numbers of RAKE fingers are selected. The 
25 multiplex wave is inverse-spread in accordance with a delay 
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time of the selected path signal, so that the path signals 
are divided and the divided path signals are RAKE-combined. 

The RAKE-combination path timing detector 8 is the 
one that produces a delay profile and selects a path signal 
proper for RAKE-combination and outputs a delay time of the 
selected signal as a delay control signal. The 
RAKE-combination modulator 9 inverse-spreads a multiplex 
wave with an inverse-spread which has been delayed in 
accordance with a delay time of the path signal detected 
by the RAKE-combination path timing detector 8. 
RAKE-combination path timing detector 8 outputs a delay time 
of the detected path signal as a delay control signal. The 
RAKE-combination modulator 9 inverse-spreads a duplex 
signal with an inverse spread code which has been delayed 
in accordance with a delay control signal output from the 
RAKE-combination path timing detector 8 and each of 
inverse-spread path signals are RAKE-combined, so that a 
ratio of signal electric power to interference and thermal 
noise may be optimally improved. The RAKE-combination path 
timing detector 8 performs inverse-spreading and 
RAKE-combining, the information-modulated modulation 
signal is error-corrected in the digital processing circuit 
10 to reproduce an information signal. 

Fig . 2 is a block diagram for indicating a construction 
of the RAKE-combination timing detector 8 in the spread 



spectrum reception apparatus shown in Fig. 1. In Fig. 2, 
reference numeral 11 denotes a matched filter, reference 
numeral 12 denotes an electric voltage cyclic integrator, 
reference numeral 13 denotes an electrical power converter, 
reference numeral 14 denotes a switch, reference numeral 
15 denotes an adder, reference numeral 16 denotes an 
electrical power cyclic integrator memory, reference 
numeral 17 denotes an address generation unit, reference 
numeral 18 denotes a maximum value detector, reference 
numeral 19 denotes a deviation measurement unit, reference 
numeral 20 denotes a correction efficient ROM, and reference 
numeral 21 denotes a multiplier. The RAKE-combination path 
timing detector 8 shown in Fig. 2 operates, while switching 
between two operational modes of a delay profile producing 
mode for producing a delay profile by calculating a 
correlation value of data of I-channel and Q-channel and 
a predetermined reference spread code and a RAKE-combination 
path timing detection mode for selecting path signals proper 
for RAKE-combination of numbers corresponding to numbers 
of RAKE fingers. 

Further, construction and operation of the 
RAKE-combination path timing detector 8 shown in Fig. 2 will 
be explained hereinafter . When a delay prof ile is produced, 
the switch 14 establishes a signal path between the electric 
power converter 13 and the adder 15. In a delay profile 
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producing mode, I-channel digital data output from A-D 
converter 7A and Q-channel digital data output from A-D 
converter 7B are input into the matched filter 11. The 
matched filter 11 correlation-calculates between the 
predetermined reference spread code and the I-channel and 
Q-channel digital data to output the correlation value to 
the electric voltage cyclic integrator 12 by each sample. 
The matched filter 11 is a transversal filter provided with 
a data shift resister wherein a correlation value is output 
by each sample by input of reference delay code as a weighing 
coefficient of the transversal filter. 

Fig. 3 shows output of the matched filter 11. Fig. 
3 (a) , (b) , (c) , and (d) , each shows outputs of the matched 
filter 11 whose timing is mutually different. However, at 
an output stage of the matched filter 11, there exists much 
thermal noise and much interference between the other 
channels, so that few signal components may not be observed. 
Then, the electric voltage cyclic integrator 12 performs 
cyclic integration so that correlation values shown in Fig. 
3(a) to (d) output by each sample from the matched filter 
11 are matched by each delay time, so that the ratio of signal 
electric power to due to interference and thermal noise is 
improved. Fig. 4 shows output of the electric voltage cyclic 
integrator 12. As a result of the cyclic integration in 
the electric voltage cyclic integrator 12, the peak in Fig. 
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4 appears shaper than that in Fig . 3, so that a signal-mannered 
level may be observed. Namely, it may be seen that a ratio 
of a signal electric power to interference and thermal noise 
has been somewhat improved. 

Additional cyclic integration of electric voltage is 
required in order to improve the ratio of signal to electric 
power degrading due to interference and thermal noise of 
correlation value output from the electric voltage cyclic 
integrator 12. Addition may not be performed with the same 
phase even if cyclic integration of electric voltage is 
anymore performed by affection of deviation of frequency 
of carrier wave between transmission and reception and fading 
alternation. Then, the electric power calculator 13 
converts a correlation value shown in Fig. 4(a) to (d) into 
electric power by each delay time to output the converted 
correlation value to the adder 15 and the electrical power 
cyclic integral memory 16. The adder 15 and the electrical 
power cyclic integral memory 16 perform cyclic integration 
of electrical power for matching output correlation electric 
power values by each delay time whereby the ratio of signal 
to electrical power degrading due to interference and thermal 
noise is further improved. The correlation electric power 
value whose ratio of signal electric power to interference 
and thermal noise has been improved will be read into an 
electric power cyclic integral memory 16. 
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The address generation unit 17 outputs an address as 
an address for discriminating sampling points, each having 
a predetermined correlation value to the electric power 
cyclic integral memory 1 6 . Through above -process , sampling 
5 points each having a predetermined electric power value are 
made to be arranged by each delay time to produce a delay 
profile wherein sampling points whose address is labeled 
are stored. The produced delay profile is stored in the 
electric power cyclic integral memory 16. Fig. 5 shows a 
10 delay profile. From the delay profile shown in Fig. 5, it 
can be seen that correlation electric power of sampling 
fl| points whose addresses are 2 through 30, of the 64 sampling 

% points, have higher correlation electric power. The 

y3 RAKE-combination path timing detector 8 shown in Fig. 2 

tfj 15 selects a path signal proper for RAKE-combination using a 

^ delay profile produced by above-mentioned process. 

When a path signal proper for RAKE-combination using 
a delay profile is selected to performing detection of timing 
of path of RAKE-combination for detecting the delay time, 
20 the switch 14 establishes a signal path between the 
multiplier 21 and the adder 15. About the detection of the 
timing of the path of RAKE-combination will be explained 
using Fig. 2, Fig. 6 to Fig. 8. Fig. 6 explains about a 
delay profile for using a first path detection and a first 
25 path detection. Fig. 7 explains about a delay profile for 
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using a second path detection and a second path detection. 
Fig. 8 explains about a delay profile for using a third path 
detection and a third path detection. Furthermore, Table 
1 shows numerical data for explaining about RAKE-combination 
path timing detection. 
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In Table 1 , numerical values in the column "correlation 
electric power value when the first path is detected'' 
indicate values of correlation electric power value of the 
sampling points in the delay profile shown in Fig. 6. 
Numerical values in the columns "correlation electric power 
value when the second path is detected" and "correlation 
electric power value when the third path is detected", 
respectively indicate values of correlation electric power 
value of the sampling points in the delay profile shown in 

Fig . 7 and Fig . 8 . 

In a RAKE-combination path timing mode, the maximum 
value detector 18 reads a delay profile from the electrical 
power cyclic integral memory 16 to perform comparison of 
a correlation electric power value of each of sampling points 
shown inTable 1 . As shown inTable 1 and Fig . 6, a correlation 
electric power value selects sampling point/s having a 
correlation electric power value of 211 as a first path to 
output the correlation electric power value (211) as a 
detected correlation value to the multiplier 21. The 
maximum value detector 18 outputs a delay time of sampling 
point selected as the first path as a delay control signal 
to the RAKE-combination modulator 9 and outputs the address 
(24) as y shown in Fig. 2 to a deviation measurement unit 
19. The deviation measurement unit 19 receives all the 
addresses (1 to 64) of the delay profile in order from the 
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address generation unit 17. 

The deviation measurement unit 19 calculates an 
absolute value of (|x-y|) of deviation between the address 
(1 to 64) input as x and the address (24) input as y. For 
example ; value 23 is obtained as an absolute value of 
deviation between the sampling point of address 1 (x=l) and 
that of address 24 (y=24) because |1 - 2 4} = 23. Further, 
deviation of signals whose addresses are 23 or 25 (x=23, 
x=25) is 1. Signals whose reach times to a reception side 
are extraordinarily close, i.e. signals whose deviations 
are close are inclined to be interfered, so that it is not 
proper to select such signals whose are close as a path for 
RAKE-combination. Namely, the deviation measurement unit 
19 measures a deviation between delay time of sampling point 
of address 24 selected as a first path and delay time of 
the other sampling point to distinguish a first path, a path 
proper for RAKE-combination, and improper path. The 
deviation measurement unit 19 outputs the calculated 
absolute value of deviation to the correction coefficient 
ROM 20. The correction coefficient ROM 20 stores the 
correction coefficient corresponding to each deviation (i . e 
0 through 10) . An example of correction coefficient 
corresponding to deviation will be shown in Table 2. 



[ TABLE 2 ] 



TIMING DEVIATION 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


COEFFICIENT 


-1 


-1 


-1 


-0.15 


-0.2 


-0.05 


-0.07 


-0.02 


-0.01 


-0.01 


-0.02 
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A correction coefficient stored in the correction 

coefficient ROM 20 may be obtained from time correlation 

of interference and thermal noise. Ideal time correlation 

will be expressed as follows. 

6^ 4 sinj^H/? r)+2[2{27r r lj 4 -12(2;r 2 r yg) 2 +1 3 ^ 4 }sin{ tt (1 -/?) r } 
p i( T ' h 7rr^M2^iS) 2 }j4^H2^/?) 2 K8-5/?) 

where (3 is roll-off -ratio of transmission and 
reception filter, and x is chip. 

Time correlation of thermal noise will be expressed 

as follows. 

COS(7T /?t)sin(7rt) 
P " (T) - «t(1-<2/»ft 

A ratio of interference electric power to thermal noise , 
which are regarded for a reception signal is directed to 
a : (a-1) . Hereinafter as a=0.8, a correction coefficient 
will be calculated as follows. 

a|/)i(r)| 2 +(a-1)|pn(r)i 2 

Considering over timing jitter such that time lies 
digitally in a discrete system, 

a{ p i( t +1 /1 6) 2 + p i( r -1 /1 6) 2 j+(a- 1 ){ p n( r +1 /1 6) 2 + pn(r-1 /1 6) 2 j 

2 

Further, considering over that a delay profile has 
dispersion in a delay profile owing to noise, coefficient 
k (k=l.l) is multiplied thereby. If necessary, in addition 
to a condition that any assignment is not performed within 



30 



±1/2 chip, a correction coefficient will be calculated as 
follows . 

a[pl(T+1/16) 2 +pl(T-1/16^ 

2 

As above-explained, a correction coefficient may be 
obtained from time-correlation of interference and thermal 
noise. If timing difference is substantially 2/4 chip, any 
assignment is not performed. Therefore, when timing 
difference is between 0 to 2, any value whose efficient is 
-1 or less may be used. The correction coefficient ROM 
20 reads a correction coefficient according to the absolute 
value of deviation output by the deviation measurement unit 
19 to output it in order to the multiplier 21. For example, 
as shown in Table 2 , if the deviation input from the deviation 
measurement unit 19 is between 0 to 2, then value -1 is output 
to the multiplier 21 . If the deviation is 3 then value -0 . 15, 
if the deviation is 10 the value -0.02 is output to the 
multiplier 21. If the deviation input from the deviation 
measurement unit 19 is 11 or more, then value 0 is output 
to the multiplier 21. Since the address of the sampling 
point whose correlation electric power is the maximum is 
24, sampling points having address between 14 to 34 will 
have deviations less than 10. The correction coefficient 
ROM 20 outputs coefficients for correcting the correlation 
electric power value of the sampling points whose address 
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is between 14 to 34 in order of address. 

The multiplier 21 multiplies the detected correlation 
value (211) output by the maximum value detector 18 and the 
correction coefficients corresponding to the address 
between 14 to 34 output by the correction coefficient ROM 
20 and outputs the result to the adder 15 through the switch 
14 . The multiplication result is shown in the column "value 
obtained by multiplying correction coefficient by detected 
correlation value" . For example , in case of address 14 whose 
deviation is 10, correction coefficient -0.02 and the 
detected correlation value 211 are multiplied and the result 
-4.2 is output to the adder 15. In a same manner, for 
addresses from 15 to 34, correction coefficient and the 
detected correlation value are multiplied and result is 
output to the adder 15. The adder 15 adds the values output 
from the multiplier 21 and the correlation electric power 
value of corresponding address to correct a correlation 
electric power value of a delay profile. The correction 
result is shown in the column of "correction electric power 
value when the second path is detected" . 

For example, the correlation electric power value at 
address 14 is 2 6.8 and this value will be added to the result 
-4 . 2 of multiplication, resulting in 22 . 6 . In a same manner , 
the correlation electric power values at addresses 15 to 
34 is corrected. Similarly, correlation electric power 
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values of sampling points having address 22 to 26, which 
have deviations less than 2 corresponding to the deviation 
at the address 24, will be corrected to 0. The correlation 
electric power value shown in "correlation electrical value 
when a second path is detected' 7 is output to the electric 
power cyclic integral memory 16, so that the delay profile 
for the second path detection shown in Fig , 7 will be produced - 
The second path detection also will be performed in 
a same way as the first path detection. Namely, when the 
second path is detected, the maximum value detector 18 reads 
a delay profile from the electric power cyclic integral 
memory 16 and compares it with a correlation electric power 
of each sampling point shown in "correlation electric power 
value when the second path is detected" in Table 1 . As shown 
in Fig. 7 , the sampling point whose correlation electric 
power value is 118 is selected as a second path. This 
correlation electric power value (118) is then output as 
the detected correlation value to the multiplier 21, and 
the delay time corresponding to this sampling point is output 
as a delay control signal to the RAKE-combination modulator 
9. The maximum value detector 18 outputs the address (29) 
as y shown in Fig. 2 to the deviation measurement unit 19. 
The deviation measurement unit 19 calculates absolute value 
(|x-y|) of deviation between address (1 to 64) input as x 
and address (29) input as y and outputs the absolute value 



of deviation to the correction coefficient ROM 20. The 
correction coefficient ROM20 reads a correction coefficient 
according to the absolute value of deviation output from 
the deviation measurement unit 19. 

The multiplier 21 multiplies the detected correlation 
value (211) output by the maximum value detector 18 and the 
correction coefficient output by the correction coefficient 
ROM 20 and outputs the result to the adder 15 via the switch 
14. The adder 15 corrects the correlation electric power 
value of the delay profile by adding the value received from 
the multiplier 21 and the correlation electric power value 
of corresponding address shown in Table 1 and outputs the 
result to the electric power cyclic integral memory 1 6 . With 
the above-explained process, the delay profile used for the 
second path detection shown in Fig. 7 is corrected, and a 
delay profile to be used for the third path detection shown 
in Fig. 8 will be produced. 

The third path detection is performed with the delay 
prof ile shown in Fig . 8. Namely, the maximum value detector 
18 reads a delay profile when the third path is detected 
from the electric power cyclic integral memory 16 and selects 
a sampling point whose correlation electric power value is 
the greatest one (80.2, address 20) to output a delay time 
of the sampling point as a delay control signal to the 
RAKE-combination modulator 9 . Because a number of sampling 



paths to be detected is three, it is not necessary to correct 
a delay profile and a no signal is output to the deviation 
measurement unit 19 and the multiplier 21. As 
above-explained, the RAKE-combination path timing detector 
8 outputs a delay time of sampling point of address 29 selected 
as the first path, a delay time of sampling point of address 
20 selected as the second path and a delay time of sampling 
point of address 20 selected as the third path, as a delay 
control signal . Thereby, a path signal to be inverse- spread 
by the RAKE-combination modulator will be specified. 

The RAKE-combination modulator 9 will be explained 
in more detail. Fig. 9 is a block diagram showing the 
construction of the RAKE-combination modulator 9. In Fig. 
9, reference numeral 22 denotes a PN generator, reference 
numeral 23 denotes a delay circuit, reference numerals 24, 
25, and 26 denote RAKE-f ingers , reference numeral 27 denotes 
a combiner, and reference numeral 28 denotes a modulation 
unit. The RAKE-combination modulator 9 shown in Fig. 2 
inverse-spreads I-channel and Q-channel digital data input 
from the A-D converters 7A and 7B according to a delay time 
of each path output from the RAKE-combination path timing 
detector 8 . The signals of path having been inverse-spread 
are respectively combined and information-modulated. 

The construction and the operation of the 
RAKE-combination modulator 9 shown in Fig. 9 will now be 
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explained . The PN generator 2 2 generates a PN sequence which 
is the inverse-spread code and output the generated PN 
sequence to the delay circuit 23 . The RAKE-combination path 
timing detector 8 outputs a delay control signal to the delay 
circuit 23. The delay circuit 23 delays the PN sequence 
input from the PN generator 22 based on the delay control 
signal input from the RAKE-combination path timing detector 
8 in accordance to a delay time of each path. The delay 
circuit 23 outputs each of PN sequences delayed in accordance 
to the delay times of the first , second, and third path signals 
to the RAKE-fingers 24, 25, and 26, respectively. 

Each of the RAKE-fingers 24, 25, and 26 receives 
I-channel and Q-channel digital signals from the A-D 
converters 7A and 7B. The RAKE-finger 24 uses PN-sequence 
delayed in correspondence to a delay time of the first path 
signal to inverse-spread the I-channel and Q-channel digital 
signals , Thereby only the first path signal may be separated 
from a plurality of path signals included in I-channel and 
Q-channel digital signals. In the same manner, the 
RAKE-fingers 25 and 26, respectively uses PN-sequence 
delayed in correspondence to a delay time of each of the 
second and the third path signals to inverse -spread I-channel 
and Q-channel digital signals . Thereby the second and third 
path signals may be separated from a plurality of path signals 
included in the I-channel and Q-channel digital signals. 



The RAKE-fingers 24, 25, and 26 respectively outputs 
the first, second, and third path signals being 
inverse-spread to the combiner 27. The combiner 27 
RAKE-combines the first, second, and third path signals 
output from the RAKE-fingers 24, 25, and 26 by weighting. 
Level of the amplitude of the signal is used as a weight. 
The combiner 27 outputs the RAKE-combined signal to the 
modulation unit 28. The modulation unit 28 

information-modulates the RAKE-combined signal whose ratio 
of signal to electric power with respect to interference 
and thermal noise has been improved and outputs the 
modulation signal to the digital processing circuit 10 shown 
in Fig. 1. 

The spread spectrum reception method adopted by the 
above-explained spread spectrum reception apparatus will 
now be explained. Fig. 10 is a flow chart for explaining 
the spread spectrum reception method. At step 1, 
correlation value is calculated using a reception spread 
spectrum signal and a reference spread signal. At step 2, 
the correlation value calculated and electric power cyclic 
integration step is converted to an electric power. At step 
3, a delay profile is produced with a correlation electric 
power value being converted as an electric power value . Step 
4 is a RAKE-combination signal detection step of, of the 
delay profiles produced at step 3 , detecting a maximum signal 
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whose correlation electric power value is the greatest to 
output a delay time of the detected signal as a delay control 
signal to the RAKE-combination modulator 9. At step 5, 
whether the detection of signal for RAKE-combination has 
completed at step 4 is decided. The number of signals for 
RAKE-combination is equal to a number of the RAKE fingers 
24, 25, and 26 provided in the RAKE-combination modulator 
9, Thus, in case of the above-explained spread spectrum 
reception apparatus, the number of RAKE-combinable signals 
is three. 

When it is decided at step 5 that the detection of 
signal for RAKE-combination has not been completed, then 
at step 6, the delay profile is corrected. At step 7, the 
second RAKE-combination signal is detected from the delay 
profile corrected at step 6. Step 6 is the second 
RAKE-combination signal detection step and it is 
substantially the as same as the first RAKE-combination 
signal detection step of step 4. After completion of step 
7, the system control is returned to step 5 again wherein 
it is determined whether detection of signal for 
RAKE-combination has been completed. If sufficient number 
of RAKE-combinable signals have not been detected, in other 
words if the number of signals corresponding to the number 
of RAKE-fingers is not detected, at step 6 the delay profile 
will be corrected and at step 7 a RAKE-combination signal 
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will be detected with the corrected delay profile. In the 
above-mentioned example , when three RAKE-combinable 
signals have been detected the system control is passed to 
step 5 will pass the process over to Step 8 and complete 
the RAKE-combination-signal detection process. 

As explained above, the spread spectrum reception 
method according to the present invention, is a method of 
correcting a delay profile if a RAKE-combination signal is 
detected. Further, the processing performed at step 6 of 
correcting a delay profile will be explained in more detail 
with reference to the flow chart shown in Fig. 11. Step 
9 shown in Fig. 11 is a deviationmeasurement step of measuring 
a deviation between time of signal of pre-corrected delay 
profile and time of time of detection signal whose 
correlation electric power value becomes maximum. The 
deviation measurement unit 19 shown in Fig. 2 performs the 
processing of step 9. At step 10, a correction coefficient 
corresponding to a deviation measured in the deviation 
measurement step 9 is read. The correction coefficient is 
beforehand calculated with time correlation of interference 
and thermal noise and stored in the correction coefficient 
ROM 20 . At step 11, the correction coefficient read at step 
10 and a correlation electric power value of detection signal 
are multiplied and the result is sequentially output. The 
multiplier 21 performs the multiplication at step 11. 
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At step 12, the result of multiplication obtained step 
11 is added to the pre-corrected correlation electric power 
value and the correlation electric power value of a signals 
in delay prof ile is thereby corrected . The adder 15 performs 
5 the addition at step 12. At step 13, the delay profile is 
corrected using the correlation electric power value 
obtained at step 12 and the corrected delay profile is stored. 
The electric power cyclic integral memory 16 stores the 
^ corrected delay profile. 

10 As above-explained, a spread spectrum reception 

apparatus according to the present invention is provided 
ry with the RAKE-combination path timing detector 8 which 

$ converts an output of the electric voltage cyclic integrator 

Q 

i|| 12 to an electric power with the electric power converter 

w 

On 15 13, calculates cyclic integration of electric power with 

N 1 the adder 15 and the electrical power cyclic integral memory 

16, and generates a delay profile wherein ratio of signal 
to electric power is high. Therefore, in comparison with 
the conventional art, possibility of detection of path proper 
20 for RAKE-combination becomes higher and delay time of 
detection path may be obtained with highly accuracy. 

Furthermore, the spread spectrum reception apparatus 
according to the present invention is provided with the 
RAKE-combination path timing detector 8 which performs the 
25 above-explained path detection with the above-explained 
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delay profile whose ratio of signal to electric power is 
higher and corrects the delay profile with a correction 
coefficient, giving consideration to the interference and 
thermal noise by each time of path detection. Therefore, 
a path signal proper, i.e. a signal whose ratio of signal 
to electric power after RAKE-combination becomes maximum, 
for RAKE-combination may be selected. Furthermore, a 
process for correcting a delay profile with a correction 
coefficient may be performed. Therefore, it is possible 
to select apath signal such that a ratio of signal to electric 
power after RAKE-combination becomes maximum. A process 
for correcting a delay profile with a correction coefficient 
is performed with a feedback in a same way as a process for 
performing cyclic integration. Thereby the electric power 
cyclic integral memory 16 and the adder 15 may be used at 
not only a delay profile producing mode but also a 
RAKE-combination path timing detection mode , so that a scale 
of the circuit may be reduced in comparison with that of 
another circuit. 

Furthermore, as explained above, the number of 
correction coefficients is substantially equal to 10. 
Therefore, the correction coefficient ROM 20 is required 
to store only ten words , i.e. small sized memory is sufficient . 
Number of data to be corrected does not depend on the length 
of the delay profile to be observed, i.e. the number is 



substantially equal to 20 by each single correction. 
Therefore amount of calculation and electric power 
consumption is also smaller. The correction coefficient 
may be a fixed value not depending on the spread code and 
a propagation environment/ so that even if the spread code 
is changed, there is no necessity for re-calculation. Thus, 
a scale of the circuit and electric power consumption will 
be further reduced in comparison with a conventional art. 

Further, the spread spectrum reception apparatus 
according to the present invention is provided with the 
RAKE-combination path timing detector 8 which calculates 
cyclic integration of electric power and sufficiently 
performing an average calculation when a long period code 
whose spread code period is longer than a symbol period is 
used. Thereby, pseudo correlation owing to 

self-correlation-characteristic is sufficiently averaged, 
so that an affection of self -correlation is excluded. 
Therefore, detection of path and correction of delay profile 
may be performed with high accuracy and ratio of signal to 
electric power after RAKE-combination may be improved. An 
amount of process and scale of the circuit may be greatly 
reduced because the correction of delay profile has only 
to be performed merely around near detection timing 
considering over mutual correlation of interference and 
thermal noise. 
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Furthermore, the spread spectrum reception apparatus 
according to the present invention is provided with the 
RAKE-combination modulator 9 which RAKE-combines a path 
signal whose ratio of signal to electric power after 
5 RAKE-combination becomes maximum, detected by the 
RAKE-combination path timing detector 8. Thereby a signal 
electric power with respect to interference and thermal noise 
may be greatly improved with RAKE-combination, and a high 
^ performance spread spectrum reception apparatus may be 

10 obtained . 

ff I 

ffl By using the spread spectrum reception apparatus 

HI according to the present invention in, for example, a mobile 

g phone, there is achieved an effect that sensitivity thereof 

yQ will become better and communication thereby is hard to be 

01 15 cut-off. In a communication system where CDMA system is 

adopted, by employing the spread spectrum reception 
apparatus according to the present invention which is highly 
sensitive, a number of a terminals that can be accommodated 
within a single cell will be improved, so that radius of 
20 the cell may increased. Therefore, number of sets of the 
local station may be decreased and cost of infrastructure 
may be decreased. 

Furthermore, the spread spectrum reception method 
according to the present invention produces a delay profile 
25 with a correlation electric power value whose correlation 



value has been converted to electric power, so that a delay 
profile is produced with high accuracy. Also, a signal 
proper for RAKE-combination can be detected with high 
accuracy by detecting a signal for RAKE-combination with 
5 this delay profile. The second and the third 

RAKE-combination signal after the first RAKE-combination 
signal are detected, a delay profile is corrected with a 
correction coefficient obtained by time correlation of 
m interference and thermal noise, so that the second and the 

10 third RAKE-combination signals can be detected with a high 
Ol accuracy. As a result, ratio of signal to electric power 

ftj with respect to interference and thermal noise can be greatly 

improved by RAKE-combining these RAKE-combination signals . 
iy Fig. 12 is a block diagram showing a construction of 

yj 15 a RAKE-combination path timing detector provided in the 

r ^ spread spectrum reception apparatus according to the second 

embodiment of the present invention . In Fig, 12, reference 
numeral 81 denotes the RAKE-combination path timing detector , 
reference numeral 29 denotes an average calculator, and 
20 reference numeral 30 denotes a second adder. In Fig. 12, 
same reference numerals are provided to the section that 
have same or similar as those shown in Fig. 2 and their 
explanation will be omitted. The RAKE-combination path 
timing detector 81 provided in the spread spectrum reception 
25 apparatus according to the present invention converts an 
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output of the electric voltage cyclic integrator 12 to 
electric power by the electric power converter 13 and further 
ratio of signal to electric power will be improved by 
performing cyclic integration of electric power using the 
5 adder 15 and the electric power cyclic integral memory 16. 
However, it is necessary to consider over affection owing 
of that the output of the electric voltage cyclic integrator 
12 is converted to electric power with the electric power 
converter 13. 

/*S 10 Namely, the conversion to electric power will have 

tit 

fs* a wave deformed, e.g. there will be no data which has a value 

- 

ffj of zero or less. Furthermore, band width becomes double 

s and a peak will be sharpen. Furthermore, interference and 

if} thermal noise will appear as a DC component, so that 

0"! 15 interference and thermal noise level must be deducted when 

H 1 a signal level is evaluated. Fig. 13 is a delay profile 

where interference and thermal noise electric powers are 
added thereto while cyclic integration is being repeated. 
In the delay profile shown in Fig. 5, interference electric 
20 power, noise electric power, and signal electric power have 
been observed. If cyclic integration of electric power is - 
repeated from this state, not only the signal electric power 
but also the interference electric power and the thermal 
electric power are added thereto, so that all the sampling 
25 points in the delay profile as shown in Fig. 13 will move 
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upwardly. Therefore, the interference electric power and 
the noise electric power must be subtracted from the result 
of the cyclic integration of electric power in order to 
correct the delay profile with more accuracy. 

The timing of existence of signal electric power can 
be substantially regarded as interference electric power 
and noise electric power if an average of the delay profile 
is calculated because the timing thereof is directed to a 
smaller portion in a whole of the delay profile, namely a 
portion where a correlation electric power is greater. 
Returning to Fig. 12, the average calculator 29 calculates 
an average based on a correlation electric power value of 
the sampling points in the delay profile. Further, the 
second adder 30 substrates an average calculated by the 
average calculator 29 from the detected correlation value 
detected by the maximum value detector 18 to output the 
subtracted detected correlation value to the multiplier 21 . 
By subtracting an average from a detected correlation value , 
interference electric power and noise electric power will 
be eliminated by each time of correction of delay profile. 
Therefore, delay profile may be produced with high accuracy. 
Furthermore, a path proper for RAKE-combination may be 
accurately selected with the delay profile. Furthermore, 
delay time of the selected path also may be accurately 
obtained, so that accuracy of RAKE-combination will be 
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improved . 

Fig. 14 is a flow chart for explaining about the delay 
profile correction step. In Fig. 14, steps 1 to 10 and step 
11 and thereafter are the same as those explained with 
reference to Fig. 10 and Fig. 11. Therefore, explanation 
about these steps will be omitted. At step 14, an average 
of the correlation electric power values of the signals in 
a pre-corrected delay profile are calculated. The average 
calculator 29 shown in Fig. 12 undertakes the processing 
at step 14. At step 15, the average calculated at step 14 
is subtracting from the correlation electric power value 
detected at step 4 to correct the detection correlation 
electric power value. The delay profile may be corrected 
so as not to include a component of interference electric 
power and noise electric power therein by performing steps 
11 to 13 after the step 14 and step 15, 

Fig. 15 is a block diagram for showing a construction 
of the RAKE-combination path timing detector provided in 
the spread spectrum reception apparatus according to the 
third embodiment of the present invention. In Fig. 15, 
reference numeral 82 denotes the RAKE-combination path 
timing detector, reference numeral 31 denotes a first adder, 
reference numeral 32 denotes an electric power cyclic 
integral memory, reference numeral 33 denotes a threshold 
value discriminator, reference numeral 34 denotes a switch, 
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reference numeral 35 denotes a correlation value memory, 
reference numeral 3 6 denotes a first address generation unit, 
reference numeral 37 denotes a second address generation 
unit, reference numeral 38 denotes a timing memory , reference 
numeral 39 denotes a maximum value detector, reference 
numeral 40 denotes a second adder, reference numeral 41 
denotes an average calculator, reference numeral 42 denotes 
deviation measurement unit, reference numeral 43 denotes 
a correction coefficient ROM, reference numeral 44 denotes 
a multiplier , and reference numeral 4 5 denotes a third adder . 
In Fig. 15, same reference numerals are provided to the 
section that have same or similar as those shown in Fig. 
2 and Fig. 12 and their explanation will be omitted. Fig. 
16 is for explaining an example of the continuous measurement 
of the delay profile. 

The measurement time for delay profile shown in Fig. 
1 6 is longer that shown in Fig . 5 . Number of sampling points 
included in the delay profile in Fig. 16 is extraordinarily 
large. In order to detect a path proper for such 
RAKE-detection from a delay profile whose measurement time 
is longer, by eliminating a correlation electric power value 
being compared with a predetermined threshold value, lying 
under the threshold one, a number of sampling points to be 
detected for a path must be decreased. 

Construction and operation of the RAKE-combination 
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path timing detector 82 provided in the spread spectrum 
reception apparatus according to the third embodiment will 
now be explained. When a delay profile is produced, the 
switch 34 establishes a signal path between the threshold 
value discriminator 33 and the correlation value memory 35 . 
In the delay profile production mode, the RAKE-combination 
path timing detector 82 converts an output of the electric 
voltage cyclic integrator 12 to electric power with the 
electrical power converter 13. Further, the adder 31 and 
the electric power cyclic integral memory 32 perform cyclic 
integration of electric power to improve the ratio of signal 
to electric power. The first address generation unit 36 
outputs an address to the electric power cyclic integral 
memory 32. The electric power cyclic integral memory 32 
outputs the correlation electric power value to the average 
calculator 41. 

The threshold value discriminator 33 compares the 
correlation electric power value input from the electric 
power cyclic integral memory 32 with a predetermined 
threshold value and outputs a correlation electric power 
value of the sampling point whose correlation value is 
greater than a threshold value. The correlation value 
memory 34 stores the correlation electric power value of 
the sampling point being greater than a threshold value. 
The first address generation unit 36 and the second address 



generation unit generate an address for identifying a 
sampling point. The first address generation unit 36 
outputs an address to the electric power cyclic integral 
memory 32 and the timing memory 38. The second address 
generation unit 37 outputs an address to the correlation 
value memory 35 and the timing memory 38 , The timing memory 

38 stores the delay time of the sampling point whose 
correlation electric power value is greater than the 
threshold value. Thus, a delay profile will be produced 
and a correlation electric power value and a delay time of 
sampling point whose correlation electric power value is 
greater than a threshold value will be specified. 

After above process, the RAKE-combination path timing 
detector 82 performs path-timing-detection for selecting 
a path proper for RAKE-combination . In a 

path-timing-detection-mode, the switch 34 establishes a 
signal path between the third adder 45 and the correlation 
value memory 35 . The maximum value detector 39 reads a delay 
profile from the correlation value memory 35 and compares 
the correlation electric power values of each of sampling 
points to detect a sampling point whose correlation electric 
power value is maximum and the corresponding correlation 
electric power value. Further, the maximum value detector 

39 outputs a delay time whose correlation electric power 
value becomes maximum as a delay control signal to the delay 
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circuit 22. Through above process, the first path signal 
for RAKE-combination will be specified. Further, the 
maximum value detector 39 outputs a correlation electric 
power value of detected sampling point as a detected 
correlation value to the second adder 40. The second adder 
40 subtracts an average (interference electric power and 
noise electric power) calculated from the correlation 
electric power value of delay profile calculated by the 
average calculator 41 from the detected correlation value 
and output the result to the multiplier 44. 

The maximum value detector 39 outputs to the deviation 
measurement unit 42 an address y of sampling point whose 
correlation electric power value is maximum among the 
addresses corresponding to each of sampling points input 
from the timing memory 38. The deviation measurement unit 

42 receives the address x of each sampling point from the 
timing memory 38. The deviation measurement unit 42 
calculates an absolute value of deviation between an address 
of sampling point whose correlation electric power value 
becomes maximum and an address of the other sampling points 
to output the deviation to the correction coefficient ROM 

43 . The correction coefficient ROM 43 outputs a coefficient 
corresponding to the deviation output from the deviation 
measurement unit 42. The multiplier 44 multiplies the 
correction coefficient output from the correction 
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coefficient ROM 43 and the detected correlation value whose 
averages have been subtracted by the second adder 40 to the 
third adder 45 . 

The third adder 45 adds the correlation electric power 
value of the sampling point in delay profile output from 
the correlation value memory 35 to the value input from the 
multiplier 44 and thereby corrects the correlation electric 
power value of the sampling points whose deviation is below 
10. The corrected correlation electric power value is 
written into the correlation value memory 35 via the switch 
3 4 . Thus, the delay prof ile used for the first path detection 
is corrected and a delay profile will be produced for using 
the second path detection. Both, the second and third paths 
willbe detected in the same manner and delay times of sampling 
points detected as the second or third path will be output 
as a delay control signal to a delay circuit 22 of the 
RAKE-combination modulator. 

Process performed at the delay prof ile production step 
will be explained in detail with reference to the flowchart 
shown in Fig. 17. In Fig. 17 steps 1, 2, and steps 5 onwards 
are as the same as those shown in Fig. 10 and Fig. 11. 
Therefore, explanation about these steps will be omitted. 
At step 16, correlation electric power value of a signal 
which has been converted into an electric power is compared 
with a threshold value. At step 17, a signal whose 
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correlation electric power value is greater than the 
threshold value is detected. The threshold value 
discriminator 33 shown in Fig. 15 perforins the steps 16 and 
17 . At step 18, a delay profile is produced using the delay 
time and the correlation electric power value of a signal 
detected at step 17. The delay profile produced after 
completion of steps 16 to 18 will be stored in the correlation 
value memory 35 and the timing memory 38 . A RAKE-combination 
signal may be efficiently detected by the uses of the delay 
profiles continuously measured for a long time. 

Effects achieved by this spread spectrum reception 
apparatus will be as same as those achieved by the spread 
spectrum reception apparatuses according to the first and 
second embodiments. In addition, since a RAKE-combination 
path timing detector which comprises the threshold value 
discriminator 33 that compares a correlation electric power 
value applied with cyclic integration of electric power with 
a predetermined threshold value, reduction of the number 
of sampling points to be detected for a path will become 
possible. Therefore, amount of processing required for 
path detection can be reduced. 

Furthermore, the correlation value memory 35 which 
stores the correlation electric power value of the sampling 
point whose correlation electric power value is greater than 
the threshold value, and the timing memory 38 which stores 
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the delay time of the sampling point whose correlation 
electric power value is greater than the threshold value 
are provided. Therefore, it is not necessary to rewrite 
a content of the electric power cyclic integral memory 32 
that stores the delay profile by each time of correction 
of the delay profile. As a result, it becomes possible to 
perform cyclic integration with an oblivion coefficient. 
Possibility of calculation of cyclic integration with the 
oblivion coefficient will make the data output possible at 
any interval regardless of time required for integration. 
Therefore, there is achieved the effect that a freedom order 
of operation will be increased in comparison with an integral 
discharging system performing discharging operation that 
a content of memory is periodically made to be zero and 
preventing a memory from overflowing. 

Furthermore, it is sufficient that the correlation 
value memory 35 and the timing memory 38 have a memory only 
for storing the date after discrimination of the threshold 
value . Therefore, these memories may have a smaller storage 
capacity than the storage capacity of the electric power 
cyclic integral memory 32. 

The spread spectrum reception apparatus according to 
the present invention is provided with a 
RAKE-combination-unit and a RAKE-combinat ion signal 
detection unit. The RAKE-combination-unit includes a 
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plurality of inverse-spread units each of which 
inverse-spreads a spread spectrum being signal 
spread-modulated and transmitted, using an inverse-spread 
code being delayed for a predetermined time whereby the 
5 predetermined delay time signal is separated from the spread 
spectrum signal; a combining unit which RAKE-combines the 
signal inverse-spread by the inverse-spread units; and a 
delay unit which delays the inverse-spread codes supplied 
to the inverse-spreading units based on a delay control 

10 signal input from outside. The RAKE-combination signal 
detection unit includes a delay profile generation unit which 
generates a delay profile with a correlation electric power 
value obtained by converting a correlation value of the 
spread spectrum signal and a reference spread code into an 

15 electric power and the delay time; a correction coefficient 
storing unit which stores already calculated correction 
coefficient based on time correlation between interference 
and thermal noise by each deviation of the delay time; a 
delay profile correction unit which measures a deviation 

20 between a delay time of signal whose correlation electric 
power value is maximum and a delay time of signal in the 
delay profile and corrects a correlation electric power value 
in the delay profile using a multiply value obtained by 
multiplying a correction coefficient read from the 

25 correction coefficient storing unit corresponding to the 
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measured deviation by a maximum electric power value in the 
delay profile; and a signal detection unit which detects 
a signal whose correlation electric power value becomes 
maximum in the delay profile produced by the delay profile 
producing unit to output a delay time of the detected signal 
as a first delay control signal and a delay time of signal 
whose correlation electric power value becomes maximum in 
the corrected delay profile corrected by the delay profile 
correction unit as a second delay control signal to the delay 
unit. As a result, delay time detection and delay profile 
correction using the delay profile having a high accuracy 
based on the correlation electric power value whose ratio 
of signal to electric power is improved. In other words, 
a path signal proper for RAKE-combination , i.e. a signal 
whose ration of a signal to an electric power is maximum 
after RAKE-combination, can be selected. 

Further, in the spread spectrum reception apparatus 
according to the present invention, the delay profile 
correction unit is provided with an average calculating unit 
which calculates an average of the correlation electric power 
value of the delay profile, and the delay profile correction 
unit multiplies a value obtained by subtracting the average 
calculated by the average calculating unit from a maximum 
correlation electric power value in the delay profile by 
a correction coefficient. As a result, interference 
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electric power and noise electric power can be eliminated 
every time the delay profile is corrected, considering over 
affection of electric power conversion. 

Further, in the spread spectrum reception apparatus 

5 according to the present invention, the delay profile 
producing unit is provided with a threshold value 
discriminating unit which compares the correlation electric 
power value with a predetermined threshold value and decides 
whether the correlation electric power value is equal to 

10 more than the threshold value, and the delay profile 
producing unit produces a delay profile based on a 
correlation electric power value that is greater than the 
threshold value . As a result, the number of sampling points 
as objects of the path detection can be reduced, so that 

15 amount of processing required for path detection process 

can be reduced. 

Further, in the spread spectrum reception apparatus 
according to the present invention, the delay profile 
producing unit is provided with a correlation electric power 

20 value storing unit which stores the correlation electric 
power value of a signal for which the threshold value 
discriminating unit decides that the correlation power value 
is greater than the threshold value; and a delay time storing 
unit which stores a delay time of the signal whose correlation 

25 electric power value is greater than the threshold value. 
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As a result, required memory capacity can be significantly 
reduced in comparison with the memory capacity of the 
electric power cyclic integral memory. 

The spread spectrum reception method according to the 
5 present invention is a method of detecting a plurality of 
signals whose correlation value is greater based on a delay 
profile produced with a correlation value of a reception 
spread spectrum signal and a reference spread code to use 
an inverse-spread code delayed corresponding to a delay time 
* 10 the detected signal to RAKE-combine signals separated from 

Jjf the reception spectrum spread signal . This method includes 

the steps of producing a delay profile based on a correlation 
J" electric power value obtained by converting the correlation 

T8SS7 

yn| value to electric power; detecting a delay time of a signal 

pi 15 whose correlation electric power value is maximum of the 

U delay profile produced in the delay profile producing step; 

measuring a deviation between the delay time detected in 
the first RAKE-combination-signal-detection-step and the 
delay time of any other signal in the delay profile; 
20 correcting the delay profile using a correction coefficient 
corresponding to the calculated deviation, which correction 
coefficient is obtained from already stored plurality of 
correction coefficients calculated from time correlation 
between interference and noise due to temperature, and the 
25 correlation electric power value of a signal detected in 
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the first RAKE- combination- signal -detection- step; and 
detecting a delay time of signal whose correlation electric 
power value becomes maximum based on the corrected delay 
profile in the delay profile correction step. As a result, 
a RAKE-combination signal other than the first 
RAKE-combination-signal is detected with the delay profile 
corrected using a correction coefficient considering over 
interference and thermal noise, so that the second and third 
RAKE-combination signal can be detected with high accuracy . 

Further, in the spread spectrum reception method 
according to the present invention, at the delay profile 
correction step, an average of correlation electric power 
values of the delay prof ile is calculated and the correlation 
electric power value of the delay profile is corrected using 
the calculated average. As a result, a delay profile can 
be corrected so as not to include any component of 
interference electric power and noise electric power. 

Further, in the spread spectrum reception method 
according to the present invention, at the delay profile 
producing step, the correlation electric power value is 
compared with a predetermined threshold value and a delay 
profile is produced based on a signal whose correlation 
electric power value is greater than the threshold value. 
As a result, a RAKE-combination signal can be efficiently 
detected even if the delay profile is the one obtained by 



continuous measurement for a long time. 

INDUSTRIAL APPLICABILITY 

As above-mentioned, the spread spectrum reception 
apparatus and the spread spectrum reception method are 
beneficial for communication in DS-CDMA system and 
particularly adaptable for mobile communication terminals 
to be used under mobile communication environment which is 
easy to be affected by the reflection, diffraction, and 
scattering, etc.. 



60 
CLAIMS 

1. A spread spectrum reception apparatus comprising: 

a RAKE-combinat ion-unit; and a RAKE-combination 
signal detection unit, wherein 

said RAKE-combination-unit includes, 

a plurality of inverse-spread units each of which 
inverse-spreads a spread spectrum being signal 
spread-modulated and transmitted, using an inverse-spread 
code being delayed for a predetermined time whereby the 
predetermined delay time signal is separated from the spread 
spectrum signal; 

a combining unit which RAKE-combines the signal 
inverse-spread by said inverse-spread units; and 

a delay unit which delays the inverse-spread 
codes supplied to said inverse-spreading units based on a 
delay control signal input from outside, and 

said RAKE-combination signal detection unit includes, 
a delay profile generation unit which generates 
a delay profile with a correlation electric power value 
obtained by converting a correlation value of the spread 
spectrum signal and a reference spread code into an electric 
power and the delay time; 

a correction coefficient storing unit which 
stores already calculated correction coefficient based on 
time correlation between interference and thermal noise by 
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each deviation of the delay time; 

a delay profile correction unit which measures 
a deviation between a delay time of signal whose correlation 
electric power value is maximum and a delay time of signal 
in the delay profile and corrects a correlation electric 
power value in the delay profile using a result obtained 
by multiplying a correction coefficient read from said 
correction coefficient storing unit corresponding to the 
measured deviation by a maximum electric power value in the 
delay profile; and 

a signal detection unit which detects a signal 
whose correlation electric power value becomes maximum in 
the delay profile produced by said delay profile producing 
unit to output a delay time of the detected signal as a first 
delay control signal and a delay time of signal whose 
correlation electric power value becomes maximum in the 
corrected delay profile corrected by said delay profile 
correction unit as a second delay control signal to the delay 
unit. 

2 . The spread spectrum reception apparatus according to 
claim 1 , wherein said delay profile correction unit includes 
an average calculating unit which calculates an average of 
the correlation electric power value of the delay profile, 
and 
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said delay profile correction unit multiplies a value 
obtained by subtracting the average calculated by said 
average calculating unit from a maximum correlation electric 
power value in the delay profile by a correction coefficient . 

3 . The spread spectrum reception apparatus according to 
claim 1, wherein said delay profile producing unit includes 
a threshold value discriminating unit which compares the 
correlation electric power value with a predetermined 
threshold value and decides whether the correlation electric 
power value is equal to more than the threshold value, and 

said delay profile producing unit produces a delay 
profile based on a correlation electric power value that 
is greater than the threshold value. 

4 . The spread spectrum reception apparatus according to 
claim 3 , wherein said delay profile producing unit includes , 

a correlation electric power value storing unit which 
stores the correlation electric power value of a signal for 
which the threshold value discriminating unit decides that 
the correlation power value is greater than the threshold 
value; and 

a delay time storing unit which stores a delay time 
of the signal whose correlation electric power value is 
greater than the threshold value. 



63 



5. The spread spectrum reception method of detecting a 
plurality of signals whose cor relation value is greater based 
on a delay profile produced with a correlation v^lue of a 
reception spread spectrum signal and a reference spread code 
to use an inverse-spread code delayed corresponding to a 
delay time the detected signal to RAKE- combine signals 
separated from the reception spectrum spread signal, the 
method comprising the steps of: 

producing a delay profile based on a correlation 
electric power value obtained by converting the correlation 
value to electric powers- 
detecting a delay time of a signal whose correlation 
electric power value is maximum of the delay profile produced 
in the delay profile producing step; 

measuring a deviation between the delay time detected 
in the first RAKE-combination signal detection step and the 
delay time of any other signal in the delay profile; 

correcting the delay profile using a correction 
coefficient corresponding to the calculated deviation, 
which correction coefficient is obtained from already stored 
plurality of correction coefficients calculated from time 
correlation between interference and noise due to 
temperature, and the correlation electric power value of 
a signal detected in the first RAKE-combination signal 
detection step; and 



64 

detecting a delay time of signal whose correlation 
electric power value becomes maximum based on the corrected 
delay profile in the delay profile correction step, 

6, The spread spectrum reception method according to 
claim 5, wherein at the delay profile correction step, an 
average of correlation electric power values of the delay 
profile is calculated and the correlation electric power 
value of the delay profile is corrected using the calculated 
average . 

7 . The spread spectrum reception method according to 
claim 5, wherein at the delay profile producing step, the 
correlation electric power value is compared with a 
predetermined thre shold value and a delay prof ile is produced 
based on a signal whose correlation electric power value 
is greater than the threshold value. 
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ABSTRACT 

The spread spectrum reception apparatus is provided 
with a RAKE-combination path timing detector which detects 
a first path using a delay profile produced with a correlation 
electric power value with improved signal -to-electric power 
ration by performing cyclic integration of electric power, 
detects a second path based on the corrected delay profile 
by correcting a correlation electric power value of the delay 
profile using a correction coefficient corresponding to a 
deviation of delay time of the first path signal. A 
correction coefficient storing unit stores correction 
coefficient pre-calculated giving consideration to time 
correlation of interference and thermal noise. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



M><D&m. &»S, mm&Tmo&n&^omztmZtxtzm My residence, post office address and citizenship are as stated 



next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

METHOD OF AND APPARATUS FOR SPREAD 
SPECTRUM RECEPTION 



□ ft H«c«ajS*u #Hffl*M*fctt«flF«£* 



the specification of which 
HI is attached hereto. 
□ was filed on 



as United States Application Number or 
PCT International Application Number 

and was amended on 

— . (if applicable). 

&S±. l9« : W*SBH*#-tp±EiriEa©flHlffl**ttWb. MS I hereby state that I have reviewed and understand the 



contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 



ftfcfc. *#«ffJSft»37»3l l*56a«wffi* § *i« b & 0 . ftWf I acknowledge the duty to disclose information which is material 
K«©**CO^-ca»ii»«*R|^-f5»»A*4>5Ci:SrB to patentability as defined in Title 37, Code of Federal 
* * *^" a Regulations, Section 1 .56. 
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Japanese Language Declaration 
(B*SIff) 



*ft<i, *Bffifta!35flll9ft (a) - (d) 3lX(i365S (b) J«*c 



Prior Foreign Application^) 

2000-01 041 0 

(Number) 
<#*) 

(Number) 
(»*) 



Japan 



(Country) 
(B«) 



(Country) 
(H«) 



««i.3l35IB*H»ftll9* (e) S^ScH^TE^B^iF 



(Application No.) 



(Filing Date) 
(tWBH) 

fttt. TR©#Bi£ftJB35»l20*ic£-3(, *-CTf2<9*H*$ir 
ffiSi (c IBaS X«i3f£BB *»S LX ^ £ 
365* (c) {cS^<SfiJ%CCfC±3SL^fo ifc* 
M^S^^^^gffiA^35^112^lJSX{i^i^ffi*f^-e 

a^ffffi*^a^aas-e^F^*tcA#^^fc. 
^aft^ziii^sesr'S^^^^i^wtg^w^iciir^a^ 



(Application No.) 



(Filing Date) 



(Application No.) 



(Filing Date) 
HUSH) 



«Ct, * It i 3 *tt*«c J: 5fllftOj»W*ff . 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



1 9/Jan. /2000 
(Day/Month/Year Filed) 



(Day/Month/Year Red) 



Priority Claimed 

m □ 

Yes No 

□ □ 
Yes No 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application^) listed 
below. 



(Application No.) 



(Ring Date) 



Page 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States applications), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in trie manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, 1 acknowledge the duty 
to disdose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that aii statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Norman F. Obion, Reg. No.^^^filS; Marvin J. Spivak, Reg. No. 24*£&-C- lrvin McClelland, Reg. No. 2VI24jj3regory J. Maier, Reg. No. 25,599^ 
J y\ Arthur L Neustadt, Reg. No. 24,854; Richard D. Kelly, Reg. No. 27J57; James O. Hamilton, Reg. No._28A2V, Eckhard H. Kuesters, Reg. No. 
23,870; Robert T. Pous, Reg/No.~29 ( 099; Charles L. Ghoiz, Reg. No. 26 i 395; Vincent J. Sunderdick, Reg. No . JL 9, 004^ William E. Beaumont, 
Reg. No. 30,996 ; Steven 8. KelberT Reg. No. 30,073; Robert F. Gnuse. Reg. No .J27, 295; Jean -Paul Lavalleye, Reg. NOJ31.45J; Stephen G. 
Baxter, Reg. Nol j32 .884; Martin M. Zoltick, RegTNoTaSiT^Robert W. Hahl, Reg. No. 33,893; Richard L. Treanor, Reg. No,. 36,379; Steven P. 
Weihrouch, Reg. No. 32,329 ; John T. Goolkasian, Reg. No. 26. 142;_ Marc R. Labgold, Reg. No. 34 .651 ; Richard L. Chinn, Reg. No. 
34,305; Steven E. Lipman, Reg. Nq^JSQJ&t-; Carl E. Schlier, Reg. No. 34,426: J ames J. Kuibaski, Reg. No.J3&£48; Catherine B. Richardson, 
t T*e5~No. 3 9,007 ; Richard A. Neifeld. Reg. No. 35,299 ^>i^Derek Mason, Reg. No. 35,270; Su rinder Sachar, Reg. No. 34,423; Sharon E. Crane, 
Reg. Nor36 Jt U&- Christina M. Gadiano, Reg. No. 37.628: .Je ffrey 8. Mclntyre, Reg. No. 36,867; and Paul E. Rauch, Reg. No. 38,591, with full 
powers of substitution and revocation. ~ 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, 1 hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



Send Correspondence to: 



1755 JEFFER SON DAVIS HIGid&AY 
ARLINGTON. VIRGINIA22^2 U.S.A. 



Direct Telephone Calls to: (name and telephone number) 
(703) 413-3000 





Full name of sole or first joint inventor 
Kazuaki ISHIOKA 




Inventor's signature . ^ Date 

AzW^ft June 14, 2001 




Residence _ , _ ✓ 
Tokyo A Japan , 




£ 

Citizenship 

Japanese 




Post Office Address c/o Mitsubishi Denki 
Kabushiki Kaisha 




2-3, Marunouchi 2-chome,. Chiyoda-ku, 
Tokyo 100-8310 Japan 




Full name of second joint inventor, if any 




Second joint Inventor's signature Date 


ffifr 


Residence 


mm 


Citizenship 




Post Office Address 







(»=&B©^Hf8W#(wOt ^X ra««cE3R 5 Z t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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